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(54) Cooled hollow tip shroud of a turbine blade 



(57) The turbine blade (10) comprises an airfoil sec- 
tion (1 6) and a hollow blade tip shroud (1 8) joined to the 
airfoil section (16). The hollow tip shroud (1 8) is prefer- 
ably a cast, compartmentalized structure and has a plu- 
rality of ribs (40) acting as load bearing structures and 



defining a plurality of shroud core sections 
(42,44,46,48,50,52). Each of the shroud core sections 
(42,44,46,48,50,52) communicates with a supply of 
cooling fluid and has a plurality of apertures (66) for sup- 
plying cooling fluid to exterior portions of the shroud. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a lightweight 
shrouded turbine blade for use in gas turbines having a 
thin walled cooled hollow tip shroud. 
[0002] The use of shrouded gas turbine blades is 
known in the art. In these blades, the tip shroud of each 
blade is formed from a solid construction. As a result, 
the blades are quite heavy. Further, cooling of the tip 
shroud is very difficult. 

SUMIVIARY OF THE INVENTION 

[0003] It Is an object of the present invention in its pre- 
ferred embodiment at feast to provide a hollow, light- 
weight shrouded turbine blade. 

[0004] It is a further object of the present invention in 
its pretended embodiment at least to provide a turbine 
blade as above having an improved system for cooling 
the tip shroud. 

[0005] In accordance with the present invention, a 
shrouded turbine blade comprises an airfoil section and 
a preferably cored, hoHow, blade tip shroud joined to the 
airfoil section. The hollow tip shroud is preferably a cast 
structure and has a plurality of ribs acting as load bear- 
ing structures and defining a plurality of shroud core sec- 
tions. Each of the shroud core sections communicates 
with a supply of cooling fluid and has a plurality of ap- 
ertures for supplying cooling fluid to exterior portions of 
the shroud. 

[0006] Other details of the shrouded turbine blade of 
the present Invention, as well as other advantages at- 
tendant thereto, are set forth in the following detailed 
description of a pretended embodiment of the invention 
and the accompanying drawings wherein like reference 
numerals depbt like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 

Fig. 1 is a sectional view of a turbine blade in ac- 
cordance with the present invention having a hollow 
tip shroud: and 

Fig. 2 is a sectional view of a hollow tip shroud taken 
along line 2-2 in FIG. 1 . 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0008] Referring now to the drawings, Fig. 1 illustrates 
a shrouded turbine blade 10 in accordance with the 
present invention. The turbine blade 10 has a root por- 
tion 12, a platfonn 14, an airfoil section 16, and a hollow 
tip shroud 1 8 adjacent an end of the airfoil section 1 6. 
The airfoil section 16 has a plurality of cooling holes 20 



by which a cooling fluid, such as air, is fed over surfaces 
of the airfoil section to cool same. The shroud 1 8 is pref- 
erably a cast, compartmentalized structure. 
[0009] As can be seen from Figs. 1 and 2, a plurality 
5 of ribs 22 extend within the airfoil section 16 of the tur- 
bine blade 10 to the hollow tip shroud 18. The ribs 22 
torn a plurality of hollow airfoil core sections 24, 26, 28, 
30, and 32. Each of the hollow core sections 24, 26, 28. 
30. and 32 communicates with a passageway 34 

10 through which cooling fluid flows from a source of cool- 
ing fluid (not shown). Each of the airfoil core sections 
24, 26, 28, 30, and 32 acts as a cooling passageway 
and communicates with its own set of cooling holes 20. 
Some of the cooling fluid passing through the core sec- 

is tions 24, 26, 28, 30, and 32 exits via the cooling holes 
20, while the remaining portion of the cooling fluid is 
transmitted to the hollow tip shroud IB. 
[0010] Referring now to Fig. 2, the hollow tip shroud 
1 8 has a compartmentalized structure in which a plurat- 

20 ity of ribs 40 form a plurality of hollow shroud core sec- 
tions or compartments 42. 44, 46, 48. 50, and 52. 
The ribs 40 act as load bearing structures. 
[0011] Each of the shroud core sections 42, 44, 46, 
48, 50, and 52 is In fluid communication with one of the 

25 airfoil core sections 24, 26, 28, 30, and 32 via at least 
one metering hole. For example, shroud core sections 
42 and 44 communicate with airfoil core section 24 via 
metering holes 54 and 56. Similariy, shroud core section 
46 communicates with airfoil core section 26 via meter- 

30 ing hole 58, shroud core section 48 communicates with 
airfoil core section 28 via metering hole 60, shroud core 
section 50 communicates with airfoil core section 30 via 
metering hole 62, and shroud core section 52 commu- 
nicates with airfoil core section 32 via metering hole 64. 

35 [0012] While the preferred embodiment has been il- 
lustrated with just one metering hole between a respec- 
tive shroud core section and an airfoil core section, it 
should be recognized that more than one metering hole 
can be used to place a respective shroud core section 

40 in fluid communication with a respective airfoil core sec- 
tion. Further, the amount of cooling fluid delivered from 
each respective airfoil core section to each respective 
shroud core section can be regulated by controlling the 
size and/or the density of the metering hoie(s). 

^ [0013] As can be seen from Fig. 2, each shroud core 
section is provided with a plurality of apertures or cooling 
holes 66. The size, shape, and density of the apertures 
or cooling holes 66 in each shroud core section may be 
varied to achieve one or more desired exterior surface 

50 cooling effects. For example, the apertures or cooling 
holes 66 may be designed to perf orni cooling of exterior 
portions of the shroud 1 8 by film, transpiration, localized 
impingement, and convection techniques. It can be said 
that the shroud core sections allow a great deal of coot- 

55 ing design flexibility. 

[0014] The disclosed turbine blade design provides 
numerous advantages. For example, the hollow tip 
shroud 18 is very efficient and provides the same 
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strength as solid tip shrouds at a lower weight penalty. 
The reduced weight of the shroud 18 permits a lower 
stage airfoil count which leads to lower cost and a more 
robust blade. The nb geometry through the hollow 
shroud 18 act as load bearing structure that take the 
place of the traditional solid shroud geometry. Still fur- 
ther, because of the hollow shroud structure, the airfoil 
to shroud fillet 68 can be increased to reduce stress con- 
centration with no increase in weight. 
[0015] The localized compartments or shroud core 
sections in the shroud provide cooling design flexibility. 
Local airfoil and shroud metal temperatures can be tai- 
lored to the engine thermal environment by (1) a redis- 
tribution of coolant flow in each shroud core section or 
compartment, or (2) a change in metering hole size and/ 
or density. Additionally, the cooling chamber compart- 
mentalization provided by the shroud core sections min- 
imizes the coolant flow demand that would normally be 
required by the large gas side pressure gradient. Still 
further, the compartmentalization in the shroud allows 
different compartments to be pressurized at different 
pressures and also allows cooling fluid to flow into and 
out of the compartments at different rates. The ribs f omn- 
Ing the compartments prevent a continuous flow of fluid 
from the leading edge to the trailing edge of the shroud. 
[0016] Other benefits provided by the disclosed em- 
bodiment of the present invention are that the shroud 
contact face 70 cooling through the cooling holes 66 in 
core sections 46 and 48 can be tailored and optimized 
for specific hardface materials, which is highly desirable 
since temperature drives a material's wear and extru- 
sion characteristics. When used, film hole sizes in one 
or more of the shroud core sections are 40% smaller in 
diameter than plugging hole size limits. This is possible 
because cooling fluid exiting to the flowpath is contam- 
ination free due to particle centrifugation. The smaller 
film holes reduce overall cooling flow while maintaining 
cooling effectiveness. 

[0017] Transpiration cooling may be utilized with the 
disclosed hollow shroud structure to overcome the high- 
ly fluctuating velocity and pressure gradients existing on 
the hot flowpath side of the tip shroud. This cooling ap- 
proach provides a very high cooling capacity and elim- 
inates the need for extensive backside convection. This, 
In tum, simplifies the cooling configuration and reduces 
the shroud weight and subsequent airfoil load. The 
shroud structure operates in a cooling fluid purged pock- 
et behind a vane platform and attachment. 
[001 8] As can be seen from the foregoing discussion, 
there has been provided a lightweight shrouded turisine 
blade 10 that is cooled sufficiently to survive excessive 
turbine temperatures. 

[0019] it is apparent that there has been disclosed a 
thin wailed cooled hollow tip shroud which fully satisfies 
the objects, means and advantages set forth hereinbe- 
fore. While the present invention has been described in 
the context of specific embodiments thereof, other var- 
iations, alternatives, and modifications will become ap- 



parent to those skilled In the art having read the forego- 
ing description. Accordingly, it is intended to embrace 
those variations, alternatives, and modifications which 
fall within the broad scope of the appended claims. 



Claims 

1 . A shrouded turbine blade (1 0) comprising an airfoil 
10 section (16) and a hollow blade tip shroud (18) 

Joined to said airfoil section. 

2. A shrouded turbine blade (1 0) according to claim 1 , 
wherein said hollow blade tip shroud (18) is a cast, 

IS compartmentalized structure. 

3. A shrouded turbine blade (10) according to claims 
1 or 2, wherein said hollow blade tip shroud (18) has 
a plurality of ribs (40) acting as load bearing struc- 

20 tures and defining a plurality of hollow shroud core 
sections (42, 44, 46, 48, 50, 52). 

4. A shrouded turbine blade (1 0) according to claim 3, 
further comprising means for supplying cooling fluid 

25 to each of said shroud core sections (42, 44, 46, 48, 
50, 52) and each of said shroud core sections hav- 
ing at least one aperture (66) for allowing said cool- 
ing fluid to flow over an exterior portion of said 
shroud. 

30 

5. A shrouded turtDine blade (10) according to claim 4, 
wherein each of said shroud core sections (42, 44, 
46, 48, 50, 52) has a plurality of apertures (66) in a 
density sufficient to create a desired cooling effect. 

35 

6. A shrouded turialne blade (1 0) according to claims 

4 or 5, wherein said cooling fluid supplying means 
comprises means for supplying cooling air to said 
shroud core sections (42, 44, 46, 48, 50, 52). 

40 

7. A shrouded turbine blade (1 0) according to claim 4, 

5 or 6 further comprising said airfoil (16) having a 
plurality of hollow airfoil core sections (24, 26, 28, 
30, 32) through whteh said cooling flows and each 

45 of said shroud core sections (42, 44, 46, 48, 50, 42) 
communicating with a respective one of said airfoil 
core sections via at least one metering hole (54, 56, 
58, 60, 62. 64). 

50 8. A shrouded turtsine blade (10) according to any pre- 
ceding claim, further comprising an airtoil to shroud 
fillet (68) for reducing stress concentration. 
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